The paper presents a regional red list of vascular plant species native to the Western Suwałki Lakeland, north-eastern Poland, based on the IUCN red list categories and criteria. The distribution and abundance data were obtained from the field floristic inventories carried out in 2008-2016 using the ATPOL cartogram method. The historical occurrences of vascular plant species were revised in the field. The list comprises 203 species, including seven regionally extinct species, 43 critically endangered species, 49 endangered species, 25 vulnerable species, 48 near threatened species, and 31 data deficient species. The results are compared to the Polish national red list of pteridophytes and flowering plants and briefly discussed.
Introduction
Species extinction is a common phenomenon caused by various natural and anthropogenic factors. The risk of species extinction can be evaluated at global, continental, national or regional level using the uniform categories and criteria recommended by the International Union for Conservation of Nature (IUCN Standards and Petitions Subcommittee 2016) . These categories and criteria are widely applied as a standard method for preparing red lists and books of threatened species. In Poland, the first national red list of vascular plants was published in 1986 (Zarzycki 1986 ) and it has been updated three times (Zarzycki & Szeląg 1992 , 2006 , Kaźmierczakowa et al. 2016 . At the same time, many regional red lists of plants have been published emphasizing the concerns about nature (e.g. Jakubowska-Gabara & Kucharski 1999 , Głowacki et al. 2003 , Kącki et al. 2003 , Markowski & Buliński 2004 , Jackowiak et al. 2007 .
The Western Suwałki Lakeland (in Polish "Pojezierze Zachodniosuwalskie") is a region in the Polish part of the Lithuanian Lakeland, north-eastern Poland. It covers 830 km 2 and is bounded by Błędzianka and Czarna Hańcza rivers on the northern east and by Jarka river on the west (Kondracki 1994) . It lies in a transitory temperature climate zone with an influence of continental climate where the mean annual air temperature is about 6.5°C and the average annual precipitation is about 550-600 mm (Lorenc 2005) . With the main valley of the Rospuda river, the region is characterized by its topographic relief, which is a result of the Vistula Glaciation, showing many early post-glacial landscape forms such as morain hills, sandurs, tunnel valleys and ribbon lakes (Ber 1981) . In this rural region, the vegetation is represented mostly by synanthropic and semi-natural plant communities (Stellarietea mediae, Artemisietea vulgaris, Molinio-Arrhenatheretea, and Festuco-Brometea) , with the lower share of nemoral forest communities of boreal and subboreal influences (Tilio-Carpinetum, QuercoPinetum, Fraxino-Alnetum, Peucedano-Pinetum, Vaccinio uliginosi-Pinetum, Sphagno girgensohnii-Piceetum, Carici elongatae-Alnetum, Ficario-Ulmetum chrysosplenietosum, and Potentillo albae-Quercetum typicum) (Pliszko 2014 and the literature cited therein). A tentative red list of vascular plants of this region was proposed by Pliszko (2012), however, it was not strictly based on the IUCN red list categories and criteria. The aim of this study is to indicate the current risk of extinction for the native vascular plant species occurring in the Western Suwałki Lakeland.
Material and methods
Field inventories were conducted in 2008-2016, using the ATPOL cartogram method (Zając 1978, Fig. 1 ). Due to difficulties in the delimitation of the southern boundary of the Western Suwałki Lakeland, the study area was included between North latitude 53°58ʹ to 54°18ʹ and East longitude 22°24ʹ to 22°53ʹ, covering about 740 km 2 . The distribution and abundance of vascular plant species were studied within 142 square cartogram units of 2.5 km side (Fig. 2) . Moreover, floristic data provided before the 21 st century (Abromeit et al. 1898 -1940 , Zając & Zając 2001 were revised in the field. The list was arranged in alphabetical order by the scientific names of the taxa following the nomenclature concept by Mirek et al. (2002) . The native status of vascular plants in the region followed Zając & Zając (2001 , 2009 ), Rutkowski (2004 and own observations. The red list was prepared based on the IUCN categories and criteria (IUCN Standards and Petitions Subcommittee 2016), involving regionally extinct (RE), critically endangered (CR), endangered (EN), vulnerable (VU), near threatened (NT) and data deficient (DD) native taxa. The category of least concern (LC) has not been considered in this study due to its lower importance.
Results and discussion
The red list of vascular plants of the Western Suwałki Lakeland comprises 203 native species (Table 1 ) which is about 25% of the indigenous species found in the region (Pliszko 2014a (Pliszko , b, 2015 (Pliszko , 2016 . Among the listed taxa, there are seven regionally extinct (RE) species, 43 critically endangered (CR) species, 49 endangered (EN) species, 25 vulnerable (VU) species, 48 near threatened (NT) species, and 31 data deficient (DD) species. The list contains 77 species which have been included in Polish red list of pteridophytes and flowering plants (Kaźmierczakowa et al. 2016) , however, only seven species have been placed into the same category as in the national list (i.e. Androsace septentrionalis, Eriophorum gracile, Oxytropis pilosa, Potamogeton filiformis, Potentilla rupestris, Utricularia australis, and U. minor). The group of threatened species (CR, EN and VU categories) is 57% of the listed species. Four species placed into the regionally extinct category, namely Carex brunnescens, C. loliacea, Pedicularis sceptrum-carolinum, and Trifolium spadiceum, have been known only from historical occurrences (Abromeit et al. 1898 (Abromeit et al. -1940 . Other three species, namely Allium scorodoprasum, Arabis planisiliqua, and Myosurus minimus, became extinct in the past few years. It should be pointed out that the majority of listed species has a higher risk of extinction on the regional scale than on the national scale (e.g. Antennaria dioica, Carex pauciflora, Dactylorhiza majalis, Lathyrus laevigatus, Pulmonaria angustifolia, Senecio congestus, and Trollius europaeus). Some of these species are losing their compact geographic range in north-eastern Poland and the other are threatened due to negative human activities such as deforestation, drainage, chemicalization of agriculture, tourism and recreation. Moreover, there are only 10 species with a lower risk of extinction on the regional scale than on the national scale (e.g. Baeothryon alpinum, Dactylorhiza baltica, Polemonium coeruleum, Potamogeton rutilus, and Viola epipsila). This statement indicates how important for saving some native vascular plants the Western Suwałki Lakeland is. Finally, it is worth to mention that the additional field inventories are needed to establish the extinction risk for the species currently categorized as data deficient. Kaźmierczakowa et al. (2016) .
Fig 1:
Localization of the study area within the ATPOL cartogram grid.
Fig 2:
The codes of the ATPOL cartogram units for the study area. Explanations: the capital letters indicate the square of 100 km side, two numbers in the middle indicate the square of 10-km side, and the last two numbers indicate the square of 2.5 km side. The boundaries of the study area (dashed line), main rivers, lakes, and forests in the background.
